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(g) Silicon oxide baaed thin film vapour barriers. 

(5?) A flexible polymer substrate, particularly useful for medical or food packaging apolications defines ia 
^ surface that carries a thin fim. The thin film has a thickness less than about 1000 A and preferably tte 
surface and thin film together have a permeability to oxygen gas that e less than about 0.1 
cc/IOOir^/day. The thin film includes a substantially inorganic silicon oxide. The film ts deposited ' in a 
previously evacuated chamber by glow discharge from a gas stream that includes a volatilized 
organosilicon component, an oxygen component, and an inert gas component 
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The present invention relates to the deposition of silicon oxide based films, and more particularly to the 
plasma enhanced deposition of silicon oxide based thin films on substrates providing gas transmission barriers 
and useful for packaging applications. 

This application is a continuation-in-part of pending serial number 07/426,514, filed October 24, 1989, that 
5 is a continuation of 07/073,792, fled July 15, 1987, now abandoned, of common assignment herewith. 

Plasma polymerization has been a known technique to form films on various substrates. For example, mixt- 
ures of silane with or without oxygen, nitrous oxide or ammonia have been plasma polymerized to form silicon 
oxide films. However, silane has a repulsive odor, can be irritating to the respiratory tract and is pyrophoric and 
corrosive. 

10 Some attention turned from silane to the deposition of organosiicon films from plasmas. Sharma and 
Yasuda. Thin Solid Films, 110 , pages 171-184 (1983) reviewed the preparation of films from several organosi- 
licon compounds in which silicon based polymers were deposited and described the plasma polymerization of 
tetramethyldisiloxane by a magnetron glow discharge with the addition of oxygen gas. The films so formed were 
reduced in carbon to silicon ratio with respect to the organosilicon starting material, but still retained a significant 

is amount of carbon. However, the incorporation of oxygen in the feed mixture, despite silicon enrichment of the 
film, resulted in poor polymer adhesion. 

Sacher et al., U.S. Patent No. 4,557,946, issued December 10, 1985 describes use of plasma polymerized 
coatings from organosiicon compounds to form a moisture barrier on the substrate by heating the substrate 
and controlling the plasma power level. Wertheimer et al., U.S. Patent No. 4,599,678, issued July 8, 1986, dis- 

20 closes use of an organosilicon in a glow discharge to coat thin film capacitors when these substrates are heated 
to a temperature in excess of 50° C. 

In general, the films formed from organosilicons have typically been formed at a relatively low deposition 
rate (as compared with, for example, sputtering), have tended to be soft, and often have been hazy. The require- 
ment that the substrate be heated, as in Sacher et al. and Wertheimer et al., is also disadvantageous for some 

25 substrates. 

A further problem with use of organosilicon compounds in plasma enhanced deposition has been the vari- 
ation in polymerization conditions and lack of control during the deposition. The traditional method used to con- 
trol plasma processes has been the use of power, pressure and flow to monitor and attempt to control the 
process. However, these three variables represent inputs and do not accordingly control the thin films being 

30 produced. As a consequence, the scale-up of such a process is extremely complex. 

Films with reduced permeability to vapors such as water, oxygen, and carbon dioxide are useful for a variety 
of applications, one of which is to package foods. Such films are typically composites of materials. For example, 
one layer is often a flexible polymer, such as a polyethylene or polypropylene, while another layer is coated 
on or coextruded with the one layer and serves as a barrier layer. Barrier layers can generally be viewed as 

35 substantially organic based or substantially inorganic based. 

Inorganic barrier coatings typically are advantageously inert. These inorganic coatings can be produced 
as thin layers in vacuum deposition chambers. For example, U.S. Patent 3,442,686, issued May 6, 1 969, inven- 
tor Jones, describes a packaging film composite in which silicon oxide coatings in the range of 0.2 to 2 microns 
are produced by electron beam evaporation of silicon monoxide in a vacuum chamber. The patentee describes 

40 these inorganic coatings as substantially continuous. More recently, U.S. Patent 4,702,963, issued October 
27, 1987, inventors Phillips et al. t describes flexible polymer packaging films having thin films of inorganic coat- 
ings. The inorganic coatings are silicon dioxide or monoxide in which at least chromium, tantalum, nickel, molyb- 
denum, or oxides of these materials are co-deposited and are said to serve as an adhesion layer and assist in 
lower gas and vapor permeability. Layer thickness of 1000 A and 2500 A are exemplified and produced in a 

45 roll coating machine with vacuum deposition chambers. 

However, the barrier coatings described by U.S. Patent 3,442,686 have oxygen transmission rate proper- 
ties on the order of about 0.2 cc/IOOir^/day and water vapor transmission rate properties on the order of about 
0.2 g/100in 2 /day. The packaging films exemplified by U.S. Patent 4,702,963 have somewhat better barrier 
properties, but are on the order of having oxygen transmission rate properties of about 0.17 cc/IOOirtfday and 

so water vapor transmission rates of about 0.07 g/1 OOin^day. These values are stil higher than could be desired 
since there are many applications in the food, beverage, and medical fields where the material being packaged 
is quite sensitive to oxygen degradation. Of course, barrier properties can be further improved by additional 
layers of different materials and/or by aiuminizing, but this leads to difficulties in an abiity to recycle, with toxicity, 
and with costs. 

55 Figure 1 is a general schematic diagram illustrating a plasma system useful in practicing the present inven- 
tion; 

Figure 2 schematically illustrates a side sectional view of the plasma deposition chamber and its associated 
equipment; 
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Figure 3 is an example spectrum of the emission of plasma; 

Figures 4A, 4B and 4C illustrate the bonding of components of a molecule of a gas used in an example 
plasma enhanced chemical vapor deposition process; 

Figure 5 includes a series of curves that illustrate the electron energy distribution in an example plasma; 
5 Figure 6 is an example energy level diagram for a single species in a plasma; 

Figure 7 is a flow diagram for a computer program that controls plasma process input variables in response 
to the measured plasma spectra; 

Figures 8A and 8B illustrate the use of a balanced magnetron in the system of Figure 2; 
Figures 9A and 9B illustrate the use of an unbalanced magnetron in the system of Figure 2; and, 
w Figure 1 0 illustrates an alternative connection to a magnetron in the system of Figure 2 wherein the electric 
field is produced by a radio frequency generator. 

It is an object of the invention to reproducibly deposit adherent, hard silicon oxide based thin fims at com- 
mercially feasible deposition rates on small or large substrates, preferably with preselected gas barrier proper- 
ties. 

15 In one aspect of the invention, a method of depositing an adherent, silicon oxide based thin film comprises 
providing a gas stream with at least three components, establishing a glow discharge plasma derived from the 
gas stream, or one of its components, in a previously evacuated chamber with a flexible substrate removably 
positioned in the plasma, and controllably flowing the gas stream into the plasma to deposit a siicon oxide flm 
having a predetermined thickness, preferably less than about 1 000 A for thin, flexible substrates, onto the sub- 

20 strate when positioned in the plasma. A pressure less than about 0.1 Torr is maintained during the depositing. 
The gas stream includes a volatilized organosilicon compound, oxygen, and an inert gas such as helium or 
argon. 

The gas stream is controllably flowed into the plasma by volatilizing the organosilicon exterior to the cham- 
ber and admixing metered amounts with oxygen and the inert gas. The control of flowing gas stream into the 

25 plasma preferably includes adjusting the amounts of components in the gas stream during the deposition in 
response to monitored values of hydrogen (alpha) to inert gas emission lines and electron temperature in the 
plasma. The flowing control also includes depositing the silicon oxide layer having a predetermined thickness. 

Films of the invention can be controllably deposited on a variety of large or small substrates for applications 
in which a substantially inert film providing good gas transmission barrier properties is desired. It has been dis- 

30 covered that gas transmission properties are a function of film thickness and surprisingly have an optimal range 
of thickness to provide the maximal barrier properties, with both thicker and thinner films outside the optimal 
range having less desirable barrier properties. 

In another aspect of the present invention, an article of the invention comprises a flexible polymer substrate 
defining a surface and a thin film carried by the surface. The polymer surface and a thin film together have a 

35 permeability to oxygen gas that is less than about 0.1 cc/IOOir^/day and the thin film has a thickness less than 
about 1000 A, more preferably less than about 600 A, most preferably the thin film has a thickness between 
about 100 A to about 400 A and the coated surface has an oxygen permeability of less than about 0.04 
cc/100in 2 /day. Such articles are useful where inert, flexible packagings with excellent vapor and gas barrier 
properties are required, such as for serum and Wood bags in medical applications and for food packaging of 

40 very oxygen-sensitive foods. 

The present invention provides a method of depositing silicon oxide based films that are hard, adherent 
substantially inorganic and have excellent gas barrier properties. Such films have been deposited in accord- 
ance with the invention on a variety of substrates (flexible and rigid) and preferably have film thicknesses less 
than about 1000 A for flexible substrates. By "flexible substrates" is generally meant those less than about 10 
45 mils thick. The very thin films provide good vapor barrier properties and although thicker films can be obtained, 
such are not normally desired for vapor barrier applications on flexible substrates. 

Choice of the flexible substrate to be coated by the invention will vary according to the desired application. 
For example, various flexible plastics such as polyethyleneterephthalate (PET) or polycarbonate (PC) resins, 
useful for packaging foods, may be coated in accordance with the invention to retard oxygen, cartoon dioxide 
so or moisture permeation. Although thicknesses of flexible substrates will be up to about 1 0 mils, the thicknesses 
are usually about 0.5 - 1 mi for food packaging applications. 

Although the process has an organosilicon compound as a starting material, the preferred films are sub- 
stantiaily inorganic as evidenced by bonding analysis. However, films that are silicone in nature may be prep- 
ared if desired, as further described hereinafter. The typical, substantially inorganic silicon oxide based films 
55 deposited in accordance with the invention are characterized by a high degree of crossiinking (determined by 
Fourier transform infrared spectroscopy, or FTIR). 

The inventive method is conducted in a previously evacuated chamber by glow discharge from a gas stream 
including at least three components: a volatilized organosilicon component, an oxygen component and an inert 
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ga s component The combination of oxygen component and inert gas compel . vola^ed organs 

^nponent has been found to combined on* 

Filmsprar^eimerwiththeo^ ^ D3363-74 (standard test 

with an inert gas such as hel.um or argon had a ^» ™ as J™ ^ jn accordance ^ invention 
method for film hardness) pencl test of only 2 or 3. By ~"3 h ™™ ^ based on a scale of 0 to 10 
nave hardnesses by this test of about 7 * ^^^^ abraded 

c^y^ *»— «» - ° r9an0Si,te ° n 

in combination with either oxygen or inert, on. temperature and when 

Suitable organosilicon compounds for the gas •^J^" " d ," ^mane, dimethylsilane. 

trisiloxane. and trivinylpentamethyl-tra.loxane 3_ tefjamethy ,disiloxane. hexamethyldisiloxane. vinyl- 

Among the preferred organoalcons ^^^ZZ^ethM^^. These pratacmd 
trimethylsilane, m.thv.trimethoxys i an., ^£*?^ n * ^t?T 2 ' C 123' C and 127" C. respect- 
organosilicon compounds have bo.ling pomts of 71 C.101 C, 55.5 

i 76 ^ . — .««roKivy artmixad with the oxygen component and the inert 

The volatilized organosilicon component e being so admixed are con- 

gas component before being flowed into ^£.£2 components, 

idled by flow controllers so as to adjustably confrol the flew rate ratio - *JJM fo^amp,,. in 

The organosilicon compound and oxygen of ft. «* *-m dumojj J-J*** * , 
aflowrateratk, of about1.7:1 and the inert gasof^^^^ 

h helium. When the ^^^^^^^Z. however^ desfrable. 
oxygen and inert gas is about 1.0.6.1.2. Ota ^owrate rauos ^ y ^ (nQt 

In addition to the necessary organos,l,con. oxygen ^'™«* 8 1 J 4 0 1;1 ^ to the 

greater than about 1 :1 with respect to the organosi^n ° nduded for particular de »red 

organosilicon) of one or more ^^7^^ ^ ne Sprovesmany desfred 
properties. For example, mdusion of a lower hydrocarbon sucnasp py ^ fc ^ 

'properties of the deposited films (except for «ht "^Si EE » *»» in " ature - 1,18 

silicon dioxide in nature. Use of methane ^^^es^e deposition rate, ^proves the 

inclusion of a minor amount of gaseous nrtrogen to the gas straam » p„ ^ ^ ^ 

«ransmissk,n and reflection optical deposrtion rate and ^proves the 

amounts of N2. The addition ^^^£^S!!^^9^^ •»«" c ™<** itton ^ 
optica, properties. ^"^^^ ££5 MwS He" ' to 10 SCCM propylene and 5 to 20 
20 to 40 SCCM organosilicon, 20 to 40 &uom *° lu *~ 

SCCM N 2 . m™, discharae plasma is established in the previously evacuated 

,n practice of the ^"trve memod ^Jf™ components, and preferably is derived 

thickness. wdativdv hiah power and quite tow pressure. Thus, for 

, about 8 to 40 microns during the derjosition of film. ■ 8 | ec tr1car contact when In the plasma) 

plasms Tr» g«isr* «uuii •** ,m " •*"* *• ln, •™ v • ™" 0 ° r 
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• u . « f~m*rf and in which a substrate, such as substrate 13, is placed for depositing a 
ber 1 1 in which a ^^^^^^"^ compatible material, such as metal, glass, plas- 

system 1 5. An electric field s creaieo uyj >P £ ' d m n an optica) fibe, light transmission 

control system 19. An optical em.ss,on spectrometer 21 ■ " ni ^ a "™*J vj J jbte and ^ ^a. (e spe- 
^ium 23 to the reaction chamber in some approbate ™™«<»f*l l^ZZllm a sMe wall of 

the reaction chamber can De usea 10 opuwy ^ H r tQ MC h of the other components 

plasma-enhanced chem.cal vapor deposrt.cn P* 0 ™)"***™*. J° * ' resDect , 0 Figtjr e 2, an example of 
explanatton of certain components of the system of F,gu e 1 h gjjnwi* respect 0 F ^ nto |oad lock 

system also includes diffuse pumps 37 and 39. and an ■^^^^^J, 1 Bfl|urt , w , baffle 45. 
^ h connected to the load lock chamber £ thresh J^^^ J^^'^STg,,. v *ve 47 

being carried out. in order to maintain the internal pressure at a dearecT value_ 

me process gases mto the reaction l ™> * cnamber 29 at the operating press- 

^ ^SSSSS^S^S^ p -valve 31 * opened and the substrate 13 

,n the example system being descrtbedjhis * are 
aluminum with substrate supporting, electncally ^.nsu ated O^o sheers- J * ^ 
driven by a motor source (not shown) to rotate about ^^^^'^^l^ 51 . number 
strate ll During deposits the substrate 13 ^^^^ iTJdSKLn thk*ness. 

^T^e^Uned wiftin the char^r 

The power supply 1 7 has its output connected between ft. fJ^SSta-IWcto in the region 51 
ber 2, The «*a«Z£^^ chamb. 29.Z sub- 

The 9a»---^^^ supply noz.es *ong u length 

ositton chamber 29 by a condurt S^be^s ow > g £ ^ ^ ^ ^ ^ ^ 

i, positioned across *^«™» ^T™^, wjmin ^ chamber 29 from the supply tube to 

A particular gas supply system 15 that 1 ^ ^ g7 rf 

gases are being combined and "^^J^^ bTng necess«y for other pro- 

gases under W*^™^lZ£sTZ*M material to be vaporizrf k provided. A vaporizing 
cesses. Also, in this partK*lar example, a a " q J f into input conduit 59, in accordance 

apparatus 71 (ftatal* control •^P^T » ^hXlur. ga» 66 and 67 are delivered 
with a control signal from the system control 25 ;S™^* ™ ™* 0 f the plasma 51 , and 
through indMdually controlled flow meter, 73 and 75. 'TS^toSjuat the proportions of 

thus of the resulting film deposited on the substrate 13, is provrted by the ao.ity 10 aoj 
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sESS.'sr Kxsr-r ess.?*- ™ — - » » 

of the silicon source material vapor through th.vaponz.ng rate of flow of the 

value, the computer con.ro. system 25 causes ^W™ "^ ILL TSSo!* Wow the refer- 
silicon material vapor, without affecting the flow rates of ^^V™-** ™^ ^a, vapor . 
ence value, the vaporizing apparatus 71 is opened to atomic or molecular 

beta Ime 83 are ^"^Z^^J^ or ^.calculated from it exceeds a reference value, the 
electron temperature T.) of the plasma. If tnis ratio, or mo i . affecting the rate of flow 

computer contra! 25 causes the flow meter 73 to .ncre.se Sow a reference 

of the s,icon source vapor or hel.m. K the Sieved to cause the 

ratios to it will be explains Figure 4A illustrates . the si.icon and 

port™ Si-O-Si be deposited on the substrate. As noted .n f^^^^S^, •„ 8 . 3 1 aectron 
oxygen atoms * sign*can«y S wtSS 2£n vol*. F*ure 4B shows 

volts. The bond between the .ton atom and * e ™*^ P ^ te Vherefore, in B having a distribu- 

te methy .group 

Bon of h,gh energy ,*c*m co Wmj ^ 0f ^ drogen to * fractured away from the rest of 
of an electron with the mc*c»le ^"t^n^ment The oxygen introduced into the plasma is believed to 
the molecule without affect ng the f^^^gS^d vapor compound, that are exhausted out 
combine with the ^39 "i. i. arler benefit of the oxygen component 

r? a r™err™ 

A theoretical Maxweman uiou w - ft i ftCtron nooulation represented by curve 87 has 

Figure 5. A solid curve 87 shows one such d«rtnbutt>ru The the disWbution of energies shfls. 
an average energy of . popuiatton 

such as shown by the dotted curve 89 Jbul ^J™" " ^ indfcated ^ ^ alternate curve 91 . 
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density of electrons with energy sufficient to break the Si-C bond is much greater than the density of electrons 
H?» enough to undesrably break the Si^O bond. I, can be seen from the shape of the curves 

7f Ju« 5 Zmfs does indeed occur, keeping in mind that the vertical eiectron density scale • a ogarrthmc 
one TnSeed. it has been found that the distribution represented by the solid line 87 * approximately opfnum 
in the example being described, a T. of slightly over 1 .0 being destred. 

It will also be noted from Figure 5 that the three emission l.nes discussed wrth respect to F,gure 3 are ^also 
represented. The hydrogen alpha line 93 is positioned at about 12 electron volts, the hydrogen beta krm 95 £ 
Zt 12.7 elec^nLts and the heiium line 97 at about 23 eiectron volts. These energ.es represent that w^ch 
the hydrogen or helium atom must absorb from a collision with a free electron m order to ttnrt the monitored 
wavelength of radiation when the atom relaxes from its excited state. nf 

Figure 6 shows an energy diagram from the hydrogen atom that shows th«. A coll,s,on w.th an elector, of 
more lan 12. 07 electron volts can cause the atom to become excited with its electron being moved from a 
ZndTnergy quantum level n-0 to a higher energy quantum .eve. n=3. Wr*n that ex«ted elec^on fa A. to 
Zext ,Jr energy quantum level n=2. the hydrogen aipha waveiength line photon * ^ S ^f ^ 
hydrogen beta wavelength line photon is emitted when an excited hydrogen atom havmg coll.ded w* an e.ec- 
JonTenergy greater than 12.73 electron volts relaxes from Ks excited state. n=4 m |£J ' 

to the n=2 enengy quantum level. As a result, the intensities of these hydrogen em.ssK>n l.nes a rate* tothe 
Mty of elects in the plasma having those energy levels. The ratio of the ,wmmm h ^ 
emission lines then provides a ratio of those densftie, Thb M . M ^ V ' an ^JZTJZ 
tivelv be fit to those two points, from which the average electron temperature T. may be determined. 

However the high energy "tar of the etectron energy curve of Figure 5 is desirably separately measured. 
The hZgen line intensity ratio is suitable for defining the rest of the curve since the e^ron densities rep- 
LsenS by i"are at energy levels in the main par. of the energy dtetribution curve. But the density d.stnbubon 
^higher energy tevels can at the same time drop off to very low levels. This is believed due to ,r»ff.cbv. energy 

line of emission is chosen, and that is ratioed with one of the hydrogen l.nes preferably the dpta 
line as a reference. This desired ratio is determined in advance of a deposition process w,th the measured 
ratio being compared to that standard and any adjustments necessary being made .n real time. 

A quango! high energy electrons, represented by the tail" of the curve of Figure 5. . generally desrabie 
tor dte "y im^g ng upon Te substrate since it is known that this improves fte hardness 
sitod film through a higher degree of film cross-linking. Stress in the film also decreases, resulting in beMhe- 
£ fJS. S So the'subs^te. A .ow ratio in the plasma emisston of the hydrogen alpha line .ntensity to that 
of helium predicts these beneficial results. th* 

Use of the helium emission line in forming this second ratio is also ^^^^^Z 
gas does not combine with other gas components of the plasma. Any inert gas has th» ad ; a ^^^' " 
'providing an emission line in the tail- portion of the curve. An ^^•^^'^^^ 
facilitating an initial source of electrons when the plasma is initiated by establishing the electnc field. But rt has 

srs d^n^risured ^ ^ « *«. *« T ***** = 

of F*u" 5 needs to be altered for a process being performed, it can be done in any of a number of wjyr 
*cteas?ng the excitation frequency of the power supply 17 tends to increase the averse energy of ^the dec- 

aUea* up to a poITwhere the electrons can no longer follow the rapidly changmg 
oTe/oVftV.upply 17 may affect the electron energy distribution, depending upon the prac«e fleometry^ 
^depoa^n chtmber. .n'in^ase in power basing the electnca. ^J^^J^Sl 
adjusted is the total gas flow which changes the residence tome of molecules wrthm the plasma and .ncreases 
fte ctanot of collision. The pressure in tha chamber 29 also affects molecular energy. w,th,n hmrts. The tech- 
5 S specific axaTpie. however, keep, these variable, at a extant level and rnrtead change. 

the ratio of the flow rate of the individual gaaes into the reaction chamber 29. n . 

The determination of average electron tempore T. from the rate of the 
sion line intensities is very significant Others have suggested that the deterrn.naW -ectron tarnpemture 
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of the three £nJon lines and make adjustments in the individual gaseous component^ ow rates « reared 
to maintain the electron temperature distribution within acceptable hm*, The 

'T£ZZi*7S^?L7™™. a^shown in Figure 7. since this permits the to 

IS SS^l;^. *- T. is Phonal to the ra*. of *e 
bet «Lon lines, that ratio teelf could more simply be substituted .n the flow d,agram of F,gure 7 where T. 
appears, .t wouW then be that line intensity ratio to «hk» jih. .process • „ s 

h step 1 03 The <™^^ has no objects to the dup- 

apparatus 71, then the processing is stopped and an error message displayed tor me upw 

Pla»™ 'n<ul varetM. ol pow« « TO MOT J< " J"^ HhMbMn buna «H*0«iy B m.M»* 
W^molFi,«7« W ^ll««-l^~^*^^^ M ^^ M ^ 
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ln Plan view. the structure of Figure 8 is.o^din KESST- travel 

The structure of Figure 8A is termed a balanced '* ™g ^ jons 

t»een on. of the outer south magnetic po.es and < .central north PjtejM- £ r ^ me m8gnrtic 

travel in a spiral around a process chamber mrfal caw The 

field forces and the electric field forces forme lb Jh. . and * ^ 

2 - A „ unbalanced m*gne*on that T,Z2^^^ 
9A. Outside magnets 1 33 and 1 35 are arranged wrth a soft iron core 1 3/ m«xi y ^ ^ ^ 

are positioned against a cathode 57', *• m89 " 

that a substantial proportion of the magnebc field J. force lines extend directly between the outer 

netic south and north poie regions. Only a ^« proporton of f „, d lines> sucn as , ine s 

south pole faces and the central iron core p*c^ The ^result » ^Tthem substantially perpendicular to its 

9A rather than the balanced magnetron *^^J*J re|ative etic field strength distribution across 
The balanced and unbalanced magnetrons have ^^JT 9 ^ swn in Figure 8B. the mag- 
tue cathode indicated by diagrams of F, ^^JKS^ the unbalanced magnet case 
netic field strength in the center „ ^ to the field strength of each of the outer 

tion of the magnetic flux lines 139. ar .«, lib ,ble for low frequency operation of the powersupply 

The magnetron operating at a much higher 

17. An example frequency is 40 krte.HwevertTOreca me aahertz. Such a high frequency system « 
frequency, such as in the radio frequency range of several J „, ^ Manotd „ 

schematically «lus«rated in Figure 10A JJJJ-J*^ ^ ^ 57 „ te in this case 

, unbalanced types described previously, ft. f^^^L 14 1 has its output coupled to the 
made of a non-conductive quartz matenal. A ^^^J^^ between the RF generator and 
cathode 57" by a rod 143. An impedance ^^^^1 d «continuities at the cathode 57". 
me coupling rod 143 in order to min,m ' 2e » ny ^^"L^fen is described by U.S. Patent 4.647,469. 
The preferred vaporizing apparatus for ^^^^-^^ herein by reference. 
, fcsued Ju.y 11. 1989, inventors - ^J^J^S pSSS now described and with an Airco 

All depositions exemplified were ^^^^S^Hnd two diffusion pumps. The chamber 
Solar Products ILS-1600 research coater ^J^^™^^* about 3 x 1(H Torr with the roll to be 
including load lock was evacuated to ^^2SdT. constant temperature of 100' C. had 
coated located in the machine. Meanwh.le.^e vap^er ww^ated t ^ The vapor- 

„ vaporized organosyicon ^^ but ^ 8 ^ d ^ of ^^n The desired gas flows of the additional 
izing apparatus was set for ft. desired flow readingo y8lue by a baffle 

components were set and the pressure in the oh amber ^ ^ on and adjus- 
overthedWusionpump. ^^^ZlT^T^ZL in me chamber. The pressure was 
»ed to the desired value. Thus th. glow ^^^^^^^dition. were sheeted (power, current and 

« again stabilized and adjusted If neceasary^The des^ I prccessj »no pressure). An emis- 

Stage of the power ^'Z^^J^^S^^ *™ to ^ 
9i0 n spectrum from ft. <f a £sted the desired hydrogen (alpha) to inert gas 
The helium and oxygen flows into the chamber v^eaarjs rf ^ ^ 

ratio was obtained. Th. substrate was ft.n ^ J^SSpJL condition, and making 

so -PParatus for th. <*M ^f^^ ^2 SrST- «" ° bt " ine<1 

appropriate adjustments accord,ng to ^Jfj^™ ^ 
the system was shut down and the coated substrate removed. 

The following abbreviation, wll be used: 
PET - polyethyleneterephthalato 
TMDSO - 1 .1 ,3,3^etramethyldi8iloxane 
SCCM - Standard cubic centimeters pw minute 
iprn . Inches per minute 
Ha - Hydrogen alpha emission line at 657 nm. 
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Example I 

An embodiment of the invention was prepared on a PET substrate having a thickness of 0.5 mis. The 
organosilicon used was TMDSO. The process conditions selected were: 
Power 460 Watts 
Current 0.97 
Voltage 467 

Chamber Pressure 37 microns 

Gas Stream Composition TMDSO (15 SCCM); 02 (45 SCCM); He (90 SCCM) 
Vaporizer Pressure 200 Ton- 
Hydrogen (alpha) to inert gas ratio 0.58 

The inven^flmTthis thin, flexible plastic substrate had a coating ^Bssrt\«***n« ™ 
A and wa, measured for gas transmission rates of slfchdy .ess than about 0.04 - Wf £ 

about 0 04 g/100in*/day of water vapor. The silicon oxide film had a 0:S. concentrate ratio of abort 2.1 . The 
Sickness and composition were determined by FT.R and/or electron spectroscopy for ch.m,cal analys* 

(ESCA). 
Example II 

Gas transmission properties for the inventive films on flexible substrates are a function <*^™*~£ 
but thicker films do not necessarily provide better gas transmission properties on the th.n flexiblejmbstrate* 
We hale d^vered there are optimal ranges of thicknesses, depending upon the substrate for providing 
m^aJ barker properties. This point is Hlustrated by having coated a 0.5 m»s thick PET varying 
STesses in accordance with the invention and then measuring the oxygen transm.ss.on propertie s of each 
Sent ZZZ The organosilicon used was TMDSO. The f»ms were ^J^^^ 
Example I. but the duration of the deposition was controlled so as to result in the drfferent thK*nesses. Table 
I sets out the different thicknesses and the oxygen transmission for each. 

Table I 


Coating Oxygen transmission 

1969 i' 24 

1400 °- 19 

1000 0.12 

400 °' 06 

133 0.04 

33 

16 4.14 
0 7.00 

As can be seen by the data of Table I, the thin PET film with no coating had an oxygen M 
cc/100in>/day wti». a coating in accordance with the invention (but havmg ■ ■^^^J*"^ 
O «oen fransmission by about 40%. However, of particular interest is the fact that the best barriers were 

£ nmvid* less of a barrier to oxygen transmissions than the 133-400 A range coatings. 

TorS ^ISSSSL coatings of the invention, when applied to a flexible material. provWe Mn 
Aim vZ bXs with excellent gas bam* performance at significantly reduced ^^^^f 
ZtypS inorganic based prior art coating. Because these gas tamers can be echoed at reduced th.cknes- 
Auction throughputs can be higher and associated costs lower in practicing the invention. 
'w^eSe— L been deaolbed in connection with specific embodiments ^J^" 1 ** 
stood that it is capable of further modifications, and this application is intoncM to cover any venations use* 
i^dapStions 7the invention following, in general, the principle, of the invention and indud.ng such depar- 
"re1S. dTsdo.ure a. com. within the known or customary practice in the art to which the -nvention per- 
toZl anTas may be applied to the essential features hereinbefore set forth, and as fall with.n the scope of the 
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invention and the limits of the appended claims. 


Claims 

A method of depositing a silicon oxide based film with vapour barrier properties comprising: 

providing a gas stream including a volatilized organosilicon compound, oxygen, and an inert gas; 
establishing a glow discharge plasma derived from the gas stream in a previously evacuated cham- 
ber, the chamber including a substrate removably positionable in the plasma; and 

controllably flowing the gas stream into the plasma to deposit a layer of a silicon oxide onto the 
substrate when positioned in the plasma having a predetermined thickness of less than about 1000 A, the 
deposited silicon oxide being a reaction product of the gas stream, the chamber being maintained at a 
pressure of less than about 100 microns during the deposition. 

is 2. A method according to Claim 1 in which the inert gas of the gas stream includes helium or argon. 

3. A method according to Claim 1 or Claim 2 in which the organosilicon compound is 1,1,3,3-tetramethyldtsh 
loxane, hexamethyldisiloxane, vinylmrnethylsilane. methyltrimethoxysilane, vinyltrimethoxysilane, or 
hexamethyfdisilazane. 

20 

4. A method according to any preceding claim in which the deposited silicon oxide is substantially inorganic. 

5. A method according to any preceding claim in which the predetermined thickness is less than about 600 
A. 

25 

6. A method according to any preceding claim in which the predetermined thickness is selected to provide 
the silicon oxide layer with a oxygen transmission of less than about 0.1 cc/IOOirtf/day. 

7. A method according to any preceding daim in which the predetermined thickness of the silicon oxide layer 
30 is between about 1 00 A to about 400 A. 

8. A method according to any preceding claim in which the substrate is flexible. 

9. A method according to Claim 8 in which the substrate has a thickness less than about 10 mils, and the 
35 layer forms a barrier to oxygen transmission therethrough with a oxygen transmission of less than about 

0.04 cc/100in 2 /day. 
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10. An article comprising: 

a flexible polymer substrate defining a surface and a thin film carried by the surface, the polymer 
40 surface and thin film together having a permeability to oxygen gas therethrough that is less than about 

0.1 cc/IOOir^/day, the thin film having a thickness less than about 1000 A. 

11. An article according to Claim 10 in which the thin film is a substantially inorganic silicon oxide. 

45 U An article according to Claim 10 or Claim 11 in which the thin film thickness is less than about 600 A. 

13. An article according to any one of Claims 10 to 1 2 in which the thin film thickness is between about 100 
A to about 400 A and the permeability is less than about 0.04 cc/100in*/day. 

50 14. An article according to any one of Claims 10 to 13 in which the substrate has a thickness of about 1 mil 
or less. 

15. An article according to any one of Claims 10 to 14 in which the substrate includes polyethyleneterephtha- 
late or polycarbonate. 
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